Handedness and the Oldowan tool industry: Is preferential right-handedness a relic from our evolutionary past? by Dymon, Jessica
James Madison University
JMU Scholarly Commons
Senior Honors Projects, 2010-current Honors College
Spring 2018
Handedness and the Oldowan tool industry: Is
preferential right-handedness a relic from our
evolutionary past?
Jessica Dymon
James Madison University
Follow this and additional works at: https://commons.lib.jmu.edu/honors201019
Part of the Biological and Physical Anthropology Commons
This Thesis is brought to you for free and open access by the Honors College at JMU Scholarly Commons. It has been accepted for inclusion in Senior
Honors Projects, 2010-current by an authorized administrator of JMU Scholarly Commons. For more information, please contact
dc_admin@jmu.edu.
Recommended Citation
Dymon, Jessica, "Handedness and the Oldowan tool industry: Is preferential right-handedness a relic from our evolutionary past?"
(2018). Senior Honors Projects, 2010-current. 600.
https://commons.lib.jmu.edu/honors201019/600
  
PUBLIC PRESENTATION 
This work is accepted for presentation, in part or in full, at the Anthropology Symposium on April 16, 2018. 
Handedness and the Oldowan Tool Industry: is preferential right-handedness a relic from our 
evolutionary past? 
_______________________ 
 
An Honors College Project Presented to 
 
the Faculty of the Undergraduate 
 
College of Arts and Letters 
 
James Madison University 
_______________________ 
 
by Jessica Lynne Dymon 
 
May 2018  
 
 
 
Accepted by the faculty of the Department of Anthropology, James Madison University, in partial fulfillment of the 
requirements for the Honors College. 
 
FACULTY COMMITTEE: 
 
 
       
Project Advisor:  Dennis Blanton, Ph.D., 
Assistant Professor, Anthropology 
 
 
       
Reader:  Leslie Harlacker, Ph.D., 
Adjunct Assistant Professor, Anthropology 
 
 
       
Reader:  Richard Lawler, Ph.D., 
Associate Professor, Anthropology 
HONORS COLLEGE APPROVAL: 
 
 
       
Bradley R. Newcomer, Ph.D., 
Dean, Honors College 
	2	
Table of Contents 
TABLE OF FIGURES	 3	
ACKNOWLEDGEMENTS	 4	
ABSTRACT	 5	
INTRODUCTION	 6	
LITERATURE REVIEW	 8	
STONE TOOL EMERGENCE	 8	
EARLY FOSSIL RECORD EVIDENCE OF HANDEDNESS	 9	
ARCHAEOLOGICAL EVIDENCE FOR PREFERENTIAL HANDEDNESS.	 12	
PSYCHOLOGICAL HYPOTHESES	 17	
FETAL AND INFANT DEVELOPMENT	 19	
GREAT APE COMPARISONS	 20	
METHODS	 24	
RESULTS	 28	
CONCLUSION AND RECOMMENDATIONS	 32	
APPENDIX A	 34	
CONSENT TO PARTICIPATE IN RESEARCH	 34	
RESEARCH SURVEY FOR PARTICIPANTS.	 36	
EMAIL TO PARTICIPANTS.	 37	
FLYER ADVERTISING STUDY.	 38	
APPENDIX B	 39	
R01	 39	
R02	 40	
R03	 41	
L01	 42	
L02	 44	
L03	 46	
BIBLIOGRAPHY	 48	
 
  
	3	
	
Table of Figures 
Figures 
Figure 1………………………………………………………………………………………….13 
Figure 2………………………………………………………………………………………….15 
Figure 3………………………………………………………………………………………….26 
Figure 4………………………………………………………………………………………….27 
Tables 
Table 1 .......................................................................................................................................... 28 
Table 2 .......................................................................................................................................... 30 
Table 3 .......................................................................................................................................... 30 
 
  
	4	
Acknowledgements 
	
	
 Firstly, I would like to thank all the individuals who volunteered to participate in this 
study. Without your willingness to try something new this paper would not exist. Secondly, I 
would like to extend a huge thank you to my advisors and readers. Dr. Harlacker, thank you for 
encouraging me and sticking with me even through all the roadblocks we ended up facing. Dr. 
Blanton, thank you for supporting this project and being willing to donate your time to this study 
even with your busy schedule. Dr. Lawler, thank you for being an active reader and being willing 
to help in all areas of this study, even though that participation was not required of you. I would 
have not had any direction without you three, and I appreciate everything you have done for me 
not only within this study but also over the past four years. 
 James Madison’s anthropology department has gotten me to where I am today. The 
courses, faculty, and support from the department and students within it is what motivated me to 
complete this project. I would not be successful and would not have enjoyed my time at Madison 
so much if it hadn’t been for this program. I would also like to thank the Honors College for 
giving me the opportunity to complete an independent research project, and for supporting me 
throughout my four years at James Madison University. Working with this staff has been 
absolutely wonderful, and I appreciate all of the opportunities afforded to me through Honors. 
  
	5	
Abstract 
	
Although there is literature on psychological, anthropological, and biological reasons for global 
preferential right-handedness, there has yet to be literature studying the connection among these 
three disciplines. The goal of this pilot study is to shed light on the correlation of handedness and 
Oldowan tool manufacturing in order to provide direction for future study. By taking a cross-
disciplinary perspective on evolutionary advantages, genetics, and brain lateralization, it is 
believed researchers may be able to understand why 90% of the human population is preferentially 
right-handed. This study concludes that there is a correlation between handedness and toolmaking 
efficiency, and that further exploration is needed into the relationship of handedness and Oldowan 
tool production. 
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Introduction 
	
Human preferential handedness has been a topic of debate amongst anthropologists, 
biologists, and cognitive psychologists. Across all cultures the human population is 90% right-
handed, a statistic that has remained constant for at least the last 20,000 years (Corballis, 2003; 
Coren et al., 1977; Raymond et al., 1996). Many hypotheses have been proposed concerning the 
ultimate cause behind preferential right-handedness; however, none has been able to 
conclusively determine the cause of neither preferential handedness in general nor the basis for 
right-handed dominance amongst humans.  
 Although researchers are still looking for answers on the origins of handedness, there is 
ample evidence that our hominin ancestors also exhibited preferential right-handedness. By 
looking at the early hominin fossil record, archaeological record, and ancient cave paintings 
anthropologists have evidence that preferential-right handedness was prevalent as far back as 2.6 
million years ago (Ambrose, 2001; Braun & Hovers, 2009; Cashmore et al., 2008; Faurie & 
Raymond 2004; Frayer 2015; Napier 1962; Pager et al., 1991; Toth 1985). I seek to understand 
the relationship between our evolutionary past and preferential right-handedness; specifically, I 
explore the hypothesis that 90% of the current human population is preferentially right-handed 
because right-handed toolmakers of genus Homo during the Oldowan (roughly 2.6 million years 
ago) more efficiently crafted effective tools, thus leading to an evolutionary advantage for 
preferential right-handedness.  
 Due to time and monetary constraints I was unable to perform a full experiment to test 
this hypothesis, as my sample sizes were too small. Six participants were recruited in total, three 
being right handed and three being left handed. Therefore, this study should be considered a pilot 
study, with the trends discovered in this data applied to support further study with larger 
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samples. Although statistical significance was not calculated in this experiment, patterns and 
trends emerged within the data that warrant future study, specifically in regard to efficiency of 
initial flaking. 
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Literature Review 
	
Stone Tool Emergence 
 A stone tool is defined here as a purposefully augmented natural stone for aid in 
accomplishing a task. Stone tools appear in the fossil record as far back as 3.3 million years ago 
at Lomekwi 3 (LOM3) in West Turkana, Kenya (Harmand et al., 2015). These artifacts challenge 
the received wisdom that stone tools emerged roughly 2.6 million years ago with the genus 
Homo. These tools were labeled as the Oldowan Tool Industry, and coincided with the 
emergence of the genus Homo habilis (Leakey, 1971; Toth, 1985). Oldowan tools were believed 
to emerge in this period due to the shift of the African ecosystem to widespread savannah 
grasslands and overall climate change (Harmand et al., 2015; Lewis & Harmand, 2016). The 
newly discovered LOM3 artifacts challenge the long-held belief that stone tools were first 
introduced by the Homo lineage, however, regardless of who was making them the basics of 
these tools seem to be the same. 
Oldowan tools are characterized by core and flake technology, whereby a cobble (the 
core piece of stone, typically obsidian, flint, or quartz) is struck with a stone that is only slightly 
harder than the core, called a hammerstone. This causes flakes to be removed from the core, 
which have a sharp edge and can be used in a variety of settings (Toth, 1985). The act of doing 
this is called flintknapping. While Oldowan tools clearly demonstrate complex thought in regard 
to what was and was not an effective tool (Leakey 1971; Leakey & Roe, 1994; Toth, 1985), the 
earlier-dated stone tools found at LOM3 indicate less precision, and it is not clear if bimanual 
percussion was used or if their manufacturing involved stones being held in both hands and hit 
against stationary rocks, called the hammer/anvil technique (Lewis & Harmand, 2016).  
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Early Fossil Record Evidence of Handedness 
 One of the best ways of determining not only preferential handedness but also whether 
the hand was specialized enough to complete complex motor skills at all is by analyzing the 
hominin fossil record. Unfortunately, the fossil record of ancient hominin upper limb remains is 
severely limited, as specimens are either fragmentary or incomplete, making them difficult to 
accurately analyze (Cashmore et al., 2008). There are, however, a few early fossil specimens that 
have been analyzed and interpreted in regard to hand use. OH7, a Homo habilis partial skeleton 
preserves hand bones that are associated with the early Oldowan stone tool industry, dates back 
to 1.75 million years ago (Leakey et al., 1964). Although the hand bones are too fragmentary to 
determine hand preference, they do indicate specific characteristics that support fine motor skills 
(Napier, 1962). Middle and distal phalanges of the finger along with a distal phalanx of the 
thumb share similar traits to those of adolescent gorillas and adult modern humans, including the 
length and density of the bone and its curvature (Leakey; 1961, Napier, 1962). That these bones 
are similar to adolescent modern gorillas rather than adult modern gorillas is important; adult 
gorillas show special adaptations in their hand bones that aid in locomotion, including more 
curvature and density in order to compensate for added body weight (Napier, 1962). The absence 
of these features in the OH7 specimen supports the hypothesis that the hands of Homo habilis 
were specialized for uses other than locomotion. 
Other fragmentary hand and arm bones that have been analyzed come from KNM-WT 
15000, a Homo ergaster partial skeleton that can be used to assess bilateral asymmetry in early 
hominins, as it is 50% complete. By looking at bilateral asymmetry (size/shape differences 
between the bones on either side of the body) inferences can be made about handedness 
(Cashmore et al., 2008). For example, the groove that results from the attachment of the deltoid 
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muscle on the clavicle is significantly wider and deeper on KNM-WT 15000’s right clavicle than 
the specimen’s left clavicle, suggesting that the right deltoid muscle was more defined and 
therefore more frequently used (Walker & Leakey, 1993). Although handedness cannot be 
definitively concluded from this evidence, especially due to the absence of the left humerus and 
significant damage to the left scapula, this does support the hypothesis that this Homo ergaster 
specimen may have exhibited some preferential right-handedness (Walker & Leakey, 1993; 
Cashmore et al., 2008). 
 Another fossil indicator that provides information on the handedness of early tool-using 
hominins are striations found on maxillary teeth, which have been shown to indicate general tool 
use and preferential handedness (Bermúdez de Castro et al., 1988; Frayer, 2015; Lozano et al., 
2009). Striations found on the labial faces of the anterior teeth on OH-65 (an intact maxilla dated 
to roughly 1.8 million years ago) as well as 19 individual teeth found at Sima de los Huesos 
dating to roughly the same time period show evidence of preferential right-handedness 
(Bermúdez de Castro et al., 1988). Such Striations occur when a material, such as an animal 
hide, is being held by the teeth and the non-dominant hand to be processed in some way by the 
dominant hand (for example, an individual shearing an animal hide). The dominant hand holding 
the “processing” stone can occasionally strike the surface of the teeth, leaving angled striations. 
These striations will often be obliquely angled to the right in right-handed individuals and to the 
left in left-handed individuals (Bermúdez de Castro et al., 1988; Frayer, 2015; Lozano et al., 
2009). When analyzing all of these teeth at least 60% of striations were angled obliquely to the 
right, thereby suggesting dominant right-handedness amongst all of these fossils.   
 There is also neuroanatomical evidence of hand preference within the early fossil record. 
Preferential handedness has been linked to brain lateralization, which has led to the hypothesis 
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that a larger or well-developed left occipital and right frontal lobe of the brain could indicate 
both language and preferential handedness (Corballis, 2003; Hepper, 1998; Scharoun, 2014; 
Toth, 1985). Since the left side of the brain controls the right side of the body, a more well-
developed left hemisphere would, theoretically, lead to species-wide preferential right-
handedness. Holloway and De La Coste-Lareymondie (1982) took endocasts of early 
australopithecine and other Homo skulls to find patterns of asymmetry. These endocasts ended 
up having no significant difference from modern human skulls, while a significant difference did 
exist when comparing to modern great ape endocasts. This suggests that the australopithecine 
brain may have developed to support population-wide preferential handedness, something that is 
not evident in primates. Fossils found at Koobi Fora, Kenya, dating to 1.9-1.4 million years old – 
KNM-ER 1470 and KNM-ER 1805 which represent Homo rudolfensis and Homo habilis 
respectively – were also analyzed (Cashmore et al., 2008; Falk, 1983). When comparing these 
endocasts to the same modern endocasts as analyzed in relation to australopithecines, KNM-ER 
1805 shared similarities to modern human endocasts while KNM-ER 1470 more closely 
resembled great ape endocasts. This falls in line with the hypothesis that Homo habilis were 
among the first stone tool users utilizing a dominant striking hand (Lewis & Harmand, 2016; 
Falk, 1983; Toth, 1985).  
 It is important to note that there are problems with analyzing the fossil record in regard to 
handedness. Firstly, as previously mentioned, the amount of fossilized skeletal data dating back 
to the emergence of stone toolmaking is limited. Hand bones are small and fragile; therefore, the 
specimens that are unearthed are often fragmented and unable to be analyzed for handedness 
(Cashmore et al., 2008). Further, sex and age could potentially impact what scientists infer from 
upper limb bones. Often, however, one or both of these elements cannot be identified, making it 
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difficult to account for possible age or sex differences (Robb, 1998; Wilczak 1998). Finally, 
possibly the largest reason for the limited amount of data on handedness evidence in the fossil 
record is simply because these fossils aren’t primarily being analyzed in regard to preferential 
handedness (Cashmore et al., 2008). When looking at hand and arm bones researchers focus 
more on tool-making ability, rather than whether the individual was right- or left-handed.  Thus, 
researchers interested in the origins of handedness often look at stone tools rather than bones 
themselves for evidence of handedness. 
Archaeological Evidence for Preferential Handedness. 
 Toth’s 1985 study pioneered the use of Oldowan stone tools as indicators of preferential 
handedness in early hominins. At the time, there were no generally accepted criteria for 
ascertaining handedness from stone tools that could be extended to the majority of early 
Paleolithic sites. Toth (1985) noted that in core and flake technology, when flakes are removed 
from a core, some flakes will exhibit a cortex (a weathered surface of the rock that is part of the 
exterior of the core). When the flake is oriented with the dorsal surface (the top of the flake) 
facing towards the viewer and the striking platform upward, flakes with right-oriented cortexes 
suggest that the hammerstone delivered a blow to the right side of the stone and thusly, with the 
right hand. Conversely, left-oriented flakes will exhibit the cortex on the left because it was 
struck from the left side (Toth, 1985), as exhibited in Figure 1. 
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Figure 1 
 
(Toth, 1985) Note the right-sided orientation of the cortex on flake 2 and 3. 
 
Toth, a right-handed individual tested this hypothesis by producing nearly 400 usable flakes via 
flintknapping. His flakes were majority right-oriented (56:44); he therefore argued similar 
proportions across other archaeological sites would be evidence of preferential right-handedness, 
whereas a 50/50 split between left- and right-oriented cortexes would indicate no preferential 
handedness. When looking at the Koobi Fora site where Oldowan tools are present, Toth 
discovered a 57:43 right-oriented flake majority. He also studied the Archeulean site of 
Ambrona, Spain, which revealed a 61:39 right-oriented flake majority. This finding supports a 
consistent increase of right-orientation over time (Toth, 1985).  
 Toth’s argument has garnered criticism. Toth’s hypothesis that cortex orientation aligns 
with handedness assumes that a specific core rotation technique is used: it assumes that when a 
flintknapper holds the core in their non-dominant hand and strikes with their dominant hand, 
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they will continually turn the core in a clockwise motion when in need of a new striking surface 
(Toth, 1985). Multiple researchers state that the clockwise knapping direction is not always 
maintained in both skilled and novice flintknappers (Dominguez, 2014; Ludwig & Harris, 1994; 
Patterson & Sollberger, 1986; Pobiner, 1999; Uomini, 2005). Many of these researchers propose 
alternate methods to determine handedness. All methods have their flaws; however, if 
methodologies are combined when analyzing individual flakes there may be more accuracy in 
determining preferential handedness. 
 Rugg and Mullane (2001) propose a skew degree method that analyzes the orientation of 
the cone of percussion of the flake. The cone of percussion is the cone-shaped defect produced 
by the impact of the hammerstone, found on the ventral (bottom) surface immediately below the 
striking platform. The angle of the hammerstone hitting the core was shown to impact the angle 
of the cone of percussion, therefore Rugg and Mullane found that they could predict handedness 
via the orientation of the cone of percussion with 75% accuracy. Figure 2 demonstrates how they 
determined percussion skew. 
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Figure 2 
 
(Rugg & Mullane, 2001) 
 
This method has been criticized for similar reasons to Toth’s earlier experimentation (Bargallo & 
Mosquera, 2013).  
 Dominguez (2014) posits a third method for deducing handedness from Oldowan stone 
tools. By looking at parabola shaped cracks made near the cone of percussion at the moment of 
impact, one can deduce which side the blow came from, in a similar manner to looking at the 
orientation of the cone of percussion itself (Dominguez, 2014). While problems lie in the fact 
that most flakes produced in flintknapping don’t exhibit parabolic cracks, those that do were 
associated with the proper handedness 93.1% of the time (Dominguez, 2014).  
 Even using all these methods simultaneously does not lead to robust inferences of 
handedness. This is because most flakes don’t have all of the characteristics for analysis 
(Dominguez, 2014; Cashmore et al., 2008). However, all of these methods have been applied on 
applicable Oldowan flakes in the archaeological record, and all methods have suggested 
evidence of majority right-handedness (Cashmore et al., 2008; Dominguez, 2014; Rugg & 
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Mullane, 2001; Toth 1985; Uomini, 2008). Therefore, although all of these methods have flaws, 
the collective evidence speaks to an overall archaeological record of right-handed flintknappers 
during the early evolution of genus Homo. 
 Another possible way of determining handedness in more recent populations is through 
the analysis of rock and cave art (Cashmore et al., 2008; Uomini, 2005). Hand prints and hand 
stencils on cave walls could indicate preferential handedness; research has shown that 
individuals will make hand prints with their dominant hand by dipping their dominant hand in 
ink and pressing it to the cave surface (Auerbach & Ruff, 2006). Conversely when creating 
stencils, research shows individuals press their nondominant hand against the cave wall, using 
their dominant hand to spray pigment (Auerbach & Ruff, 2006). The oldest hand printing and 
stenciling cave art discovered dates to 30,000 years ago (Clottes, 1998; Valladas et al., 2001), 
and shows strong right-hand bias.  
 Ultimately there is overwhelming archaeological and fossil evidence that early hominins, 
and all subsequent hominins that have exhibited fine motor skills (coordination of small muscles 
in the hand to complete complex, dexterous tasks), were predominantly right-handed. Although 
every method is not definitive there is enough of a general consensus to conclude that 
preferential right-handedness has been evident as early as 2.5 million years ago (Ambrose, 2001; 
Domninguez, 2014; Toth, 1985), and potentially earlier once fossils from Lomekwi 3 (3.3 
million years old) are analyzed for handedness (Harmand et al., 2015). This evidence, however, 
does not support any hypotheses as to why there is preferential right-handedness, just that the 
pattern has been evident for a substantial amount of history. This is the question current 
researchers are struggling to answer, with multiple hypotheses coming from a multitude of 
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disciplines. Almost all disciplines agree, however, that lateralization of the brain is definitively 
correlated to preferential handedness. 
Psychological Hypotheses 
 Toth (1985) suggested that profound lateralization had already occurred in the brain by 
1.9 to 1.4 million years ago because of the evidence of preferential right-handedness ascertained 
through his study. Lateralization is the process by which the hemispheres of the brain become 
specialized for specific tasks. In regard to human development, Toth and others suggest that the 
lateralization of language to the left hemisphere of the brain caused the right side of the body to 
experience finer motor development (Papadatou-Pastou, 2011; Raymond et al., 1996; Toth, 
1985). Along with lateralization hypotheses, there is also a wide spread data indicating that 
handedness is, in part, genetically based (Annett, 1985; Collins, 1985; Corballis, 2003; Levy et 
al., 1972; McManus et al., 1991), although the interaction between genetics and societal/cultural 
influence has not been determined (Aggleton et al., 1993; Coren, 1989 & 1992; Olivier, 1978; 
Yeo & Gangestad, 1993).  
 Although preferential right-handedness has been documented for over 20,000 years, left-
handed individuals have maintained a constant population proportion throughout this period, 
manifesting currently as 10% of the population. Raymond (et al., 1996) assert that there must be 
some level of fitness advantage in being left-handed, and test the hypothesis that left-handed 
individuals were better at combat, which translates now into better performance in interactive 
sports (Raymond et al., 1996). Through competitive sports surveys they found that the number of 
left-handed individuals in sports is higher than the proportion of left-handed individuals at the 
population level, supporting their hypothesis. Left-handed individuals also exhibit more 
creativity than right-handed individuals, as evidenced by significantly higher scores on Torrance 
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Tests of Creative Thinking (Raymond et al., 1996; Newland, 1981). Therefore, left-handed 
individuals may have been genetically fit for the environment by innovating new ideas for the 
population, thus aiding in survival.  
 There are other researchers, however, who believe the genetic basis of handedness is not 
tied into fitness, but rather simply through the dominant/recessive characteristics of genetics 
(Corballis, 2003). There is ample evidence that handedness is somewhat heritable (Annett, 1972; 
Chamberlain, 1928; Jordan, 1911; Rife, 1940; Trankell, 1955), and a 1992 study done by 
McManus & Bryden found that 90.5% of children born to right-handed parents were right-
handed. This proportion drops to 80.5% if one parent is left-handed and 73.9% if both are left-
handed. Even though the majority of offspring born to any parents are still right-handed, the 
likelihood of having left-handed offspring increases significantly depending on the handedness 
of the parents. This leads to a high likelihood of hereditary handedness based off of dominant 
and recessive characteristics; however, the high likelihood of right-handed offspring regardless 
of the parent’s handedness suggest that single-locus Mendelian genetics are not at play but rather 
multiple loci and/or alleles work in combination to determine preferential-handedness (Corballis, 
2003; Levy & Nagylaki, 1972; McManus & Byrden, 1992).  
 There are two overarching perspectives on the genetics of preferential handedness, with 
one perspective building off of the other. Annett (1972) puts forth the hypothesis that handedness 
is controlled by a single gene, but rather than determining dominance it influences preference 
and skill (Annett, 1972; Corballis, 2003). Annett calls this gene the RS gene, and asserts that if 
the gene is inherited there would be a shift in skill in favor of the right hand. Conversely, if the 
RS gene is not present, there would be no shift in skill, thereby leaving the handedness of that 
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individual more up to chance (Annett, 1972). Annett’s hypothesis specifically balances genetics 
and chance. 
 Building off of Annett’s hypothesis, but ultimately disagreeing with it, are McManus and 
Bryden (1992). They argue that preferential handedness is controlled by a single gene locus with 
two alleles present – one that specifies dexterity (D) and another that specifies chance (C). While 
McManus and Bryden’s D allele correlates with Annett’s RS gene, and the C allele roughly 
correlates with the lack of the RS gene, their arguments each hinge on two different concepts of 
what these genes influence. Annett’s hypothesis specifies that the gene determines a shift in 
actual, manual skill, while McManus and Bryden assert that these alleles actually influence hand 
preference (Corballis, 2003). Chance, in McManus and Bryden’s model, is only linked to allele 
C, therefore an individual without the C allele (homozygote DD) would have a 100% likelihood 
of being preferentially right-handed. Heterozygote DC and homozygote CC would exhibit more 
probability of being preferentially left-handed (McManus & Bryden, 1992; Corballis, 2003). 
While both hypotheses are viable options, neither have been extensively tested in any capacity, 
so more research needs to be performed to conclude any sort of genetic component to 
handedness. 
Fetal and Infant Development 
 Studies have been done on fetal and infant development in order to see at what point in 
the developmental process brain lateralization occurs in order to understand both language and 
handedness. McCartney and Hepper (1999) put forth the notion that if we developed an 
understanding of the developmental origins of handedness we may be able to understand its 
structural, evolutionary, and causal origins. They observe fetuses at 3-week intervals from 12 to 
27 weeks’ gestation in order to catalogue the number of left and right arm movements to see if a 
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hand preference is demonstrated. This time interval was chosen because ample evidence shows 
that lateralized behaviors begin prenatally (Butterworth & Hopkins, 1993; Goodwin & Michel, 
1981; Hepper 1991, 1998). Overall, the majority of fetuses observed showed right arm 
preference as early as 15 weeks, which persisted throughout gestation (McCartney & Hepper, 
1999). This supports the belief that lateralization is genetically based, or at least that the 
developmental pathway is established very early, as explored by Annett and McManus & Bryden 
as previously argued. 
 Michel (1981) explores the relationship between individual difference in hand preference 
and overall right-handed dominance in the modern human population. Similar to the chicken-or-
the-egg problem, Michel wonders whether human culture provides pressure to favor the right 
hand because right-handedness is selected for genetically, or if right-handedness is prevalent due 
to cultural pressures. A 1965 study done by Turkewitz (et al.) found that infants orient their 
heads significantly more to their right sides while supine (on their back), a result which Michel 
used to propose that right side favoring infants will also favor their right hand, giving rise to 
more preferentially right-handed individuals. Ten right-oriented and left-oriented infants were 
observed from 3 to 22 weeks after birth, and after observation Michel concluded that direction of 
neonatal head orientation preference significantly predicted both initial hand use and reaching 
frequency preference (Michel, 1981). This is significant because it could play a role in Annett’s 
idea of an RS gene as previously discussed. Individuals who do not have the RS gene may rely 
on supine head orientation to determine dominant handedness. 
Great Ape Comparisons 
 It is important to compare morphological features of modern humans, ancient hominins, 
and nonhuman primates because if precursors of human handedness were present in a common 
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ancestor of humans and great apes and potential laterality of great apes may help us understand 
the evolution of human handedness (Cashmore et al., 2008). Although the great ape hand is 
closest of all animals to the human hand morphologically, there are important differences 
between the two in both structure and function (Hopkins, 2006). Chimpanzees and gorillas both 
have hands that have been adapted for locomotion, including curved fingers, a trapezium-
metacarpal joint that is specifically designed for stability in knuckle-walking and not mobility, 
short thumbs, and narrow distal phalanges that suggest less overall innervation of the fingers 
(Marzke, 2013). Although some hand movements and manipulation will be similar between great 
apes and humans, it is important to distinguish the different bone and muscular structure, which 
lends to much more developed fine-motor manipulation in humans. 
Although it is evident that great apes manufacture and use organic tools (that is, tools not 
composed of augmented stone), there is still debate over whether preferential handedness is 
evident (Goodall, 1964; Palmer, 2002; Papademetriou et al., 2005; Videan & McGrew, 2002; 
Warren, 1980). There are four overarching hypotheses as to the origins of laterality among both 
great apes and early hominins (Cashmore et al., 2008). 
 The postural origins hypothesis suggested by MacNeilage et al. (1987) suggests that 
laterality arose from an adaptation to unimanual predation, evolving with the structural and 
functional adaptations to feeding. They suggest that left-hand preferences arose around reaching 
while right-hand preferences were found for manipulation. Although not directly refuted, this 
hypothesis does not have much evidence supporting it (Cashmore et al., 2008). 
 The second hypothesis relates to handedness and bipedalism, suggesting that bipedalism 
could have directly led to brain lateralization and therefore handedness (Falk, 1987; Sanford et 
al., 1984; Westergaard et al., 1998). This hypothesis suggests that lateralization would have been 
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selected as a way to improve balance and bipedal posture, with handedness emerging as a way to 
support exclusive bipedality by forcing the hands to be free in order to walk upright. Great apes 
do show behaviors that correlate with specific lateralization (Hopkins et al., 2015). Certain 
behavioral features that chimpanzees and gorillas display that support lateralization, including a 
right hemisphere dominance for facial expressions in chimpanzees, meaning that the left sides of 
their faces general have more expression, and the right hemisphere has more neural connections 
in regard to facial features (Hauser et al., 1993). This suggests that brain lateralization and 
bipedality don’t affect one another, as no great ape species practice exclusive bipedalism.  
The third hypothesis, which could be related to bipedalism in a sense, is the tool-use 
hypothesis put forth by Frost (1980), Kimura (1979), and Provins (1997). They post that 
handedness was selected for as an adaptation to bimanual coordination for tool manufacturing 
and use. The cognitive requirements of tool use and throwing as a means of hunting or food-
gathering are high, and may have created a selective pressure for brain lateralization and 
therefore handedness (Cashmore et al., 2008; Frost, 1980; Kimura, 1979; Provins, 1997). Under 
this hypothesis non-human primates would exhibit strong right-bias for tool use and throwing, 
but not necessarily for any other tasks.  
 The final hypothesis, put forth by Fagot and Vauclair (1991) suggests that strong 
individual preference and group-level biases for preferential handedness should be more likely to 
appear in complex tasks. They presume this because when performing complex tasks, such as 
creating stone tools, crafting specific instruments, or building a shelter, two hands are needed, so 
one will automatically assume the submissive action while the other takes on the dominant action 
(Fagot & Vauclair, 1991; Uomini, 2006b).  
	23	
 In studying great apes, weak lateralization has been observed when reaching for items on 
the ground with a tripedal posture, although sometimes group bias of hand preference is 
sometimes evident (Colell et al., 1995a; Finch, 1941; Hopkins, 1993; Marchant & Steklis, 1986). 
Conversely, when great apes are experimentally induced into a bipedal posture (for example, 
when reaching for food placed up high), there is enhanced preferential right-handedness 
observed (Hopkins, 1993; Westergaard et al., 1998; Olson et al., 1990). In terms of feeding, 
manipulative tasks, throwing, and tool-use, all great ape species observe some independent or 
group-level bias towards right-handedness, although not nearly to the extent that we see in the 
modern human population (Byrne & Byrne, 1991; Harrison & Nystron, 2008; Hopkins et al., 
1993a, 2003; Marchant & McGrew, 1995; Nishida & Hiraiwa, 1982; Parnell, 2001; Shafer, 
1997).  
 By looking at the tendencies of great apes we understand that there is some aspect of 
brain lateralization that is leading to preferential right-handedness in some cases, however not 
nearly to the extent that the modern human population experiences. One of the most prevalent 
differences between modern humans and our great ape cousins is the development and use of 
complex stone tools. Compiling primate evidence, along with evidence showing preferential 
right-handedness and flintknapping, there is support for some sort of relationship between the 
development of stone toolmaking and handedness. This study aims to explore that relationship to 
develop a deeper understanding of the evolutionary forces that may be at work behind 
preferential right-handedness.  
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Methods 
	
 Due to time and monetary restrictions I recruited six participants for this study, three left-
handed and three right-handed. This sample size is not large enough to robustly examine 
efficiency in tool-making ability due to handedness. Because of this, rather than looking for 
definitive results this should be considered a pilot study to be replicated with a larger sample size 
at a later date. All recruitment methods can be found in Appendix A. This study complies with 
James Madison University’s IRB policies (IRB 18-0092). 
 The three left handed participants consisted of two men and one woman, all between the 
ages of 21 and 28, and the three right handed participants consisted of two women and one man, 
with the two women being between the ages of 20 and 22 and the man being 44. All participants 
signed consent forms then filled out the attached survey (see Appendix A). The survey requested 
basic demographic information, handedness, and frequency of exercise and any other activities. 
This is to control as much as possible for influence of experiences on the knapping 
process/products, and allow for any influence on such to be estimated.  
 All trials took place on Monday, February 26th, 2018, at the James Madison University 
campus. In the span of 45 minutes participants partook in a stone toolmaking simulation 
consisting of controlled flint-knapping. Each participant was verbally instructed on how to flint-
knap by my advisors, either Dr. Leslie Harlacker or Dr. Dennis Blanton, both of whom have 
extensive experience in flint-knapping. They used raw Keokuk chert spalls as their cores 
purchased from Kentucky Flint Works. Hammerstones were obtained from Dr. Harlacker, and 
participants were able to choose a hammerstone that best fit their grip. Participants sat on a 
Rubbermaid Action Packer box outside and had a work tarp underneath them to collect flakes. 
All participants wore leather gloves that fit their hands and protective safety glasses, as well as 
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close-toed shoes and long pants to protect their lower limbs. Each participant was assigned an 
identifying number so as to remain anonymous in the study. 
Two observations were being made during trials – first, how long it took the participant 
to remove their first usable flake, and second, how many usable flakes were produced in total. 
Flakes were assessed using length, breadth, thickness, maximum dimension, and sharpness. 
Usable flakes were determined by whether or not they had a visible bulb of percussion and sharp, 
usable edge. Unusable flakes were separated into tertiary flake (a small flake that would have 
come off the core along with the usable, primary flake), a secondary flake (a flake that would 
need to be worked on more to be usable), and chunk (a piece of stone that came off but is 
unusable because of the lack of bulb of percussion and usable edge). The amount of time needed 
to produce the first usable flake was recorded before participants continued until they had 
completely worked the core and no longer had the ability to produce flakes. These flakes were 
collected and numbered, with each being assessed by the criteria mentioned previously, as well 
as the proportion of usable flakes to total flakes created. Figure 3 shows numbered flakes. Raw 
data, including unusable flakes, can be seen in Appendix B. 
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Figure 3 
 
Usable flakes produced by participant R01 (see Figure 5 for details). 
 
Multiple measurements were taken from each flake – breadth, thickness of bulb of 
percussion, length from sharp, potentially usable edge to opposite end, and maximum dimension. 
Breadth, thickness, and length are demonstrated below; maximum dimension was the maximum 
length of the along any axis, therefore no example photos were taken. All measurements were 
made with the same caliper, pictured in Figure 4.  
	27	
Figure 4 
 
Left- length, top right- breadth, bottom right- width. 
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Results 
	
 There was a large amount of individual variation within the sample, but there were also 
clear trends that emerged when looking at handedness. The six participants were assigned an 
alphanumerical code based on their dominant hand and the order in which they participated. 
Table 1 shows the breakdown of these participants and the information gathered from the survey 
they completed before the toolmaking simulation. 
Table 1 
ID 
# 
Gender Age Major/Minor Extracurricular 
Involvement 
Regular 
Exercise 
Injury to 
Upper 
Limbs 
L01 Male 28 Anthropology/Biology Disc golf 10 hours a 
week – 
Cardio, 
weight 
lifting 
2 fractures in 
nondominant 
(right) wrist 
R01 Male 44 Anthropology Guitar 0 hours a 
week 
No 
L02 Female 21 Health 
Science/Honors 
Interdisciplinary 
Studies, Pre-
Medicine, Dance 
Belly dance, 
student 
ambassadors, 
ballet 
5-7 hours a 
week – 
dance, 
aerobics 
No 
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R02 Female 21 Math, 
Statistics/Honors 
Interdisciplinary 
Studies 
Student 
ambassadors, 
Intervarsity, 
tutoring, 
leadership 
counselor 
2 hours a 
week – 
intramural 
sports and 
group 
exercise 
classes 
No 
L03 Male 21 Management/Public 
Policy 
Saxophone 5 hours a 
week – 
walking, 
racquetball, 
baseball 
No 
R03 Female 20 Geographic 
Science/Political 
Science 
Student 
ambassadors, 
Madison honors 
leadership 
council 
4 hours a 
week – 
yoga, 
skiing, 
running 
No 
Data collected by the surveys each participant filled out before beginning trials. 
 Most participants were around a similar age, and had similar levels of exercise and types 
of extracurricular activities. Because of this, we do not expect these activities to bias results. 
When looking at individual variation, it seemed as though amount of weekly exercise, preference 
in extracurricular activities, and areas of study did not impact initial flake time nor number of 
flakes produced. Table 2 summarizes each participants simulation information. 
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Table 2 
ID # Initial 
Flake 
Time 
(seconds) 
# Usable/Total Mean 
Breadth 
(cm) 
Mean 
Thickness 
(cm) 
Mean 
Length 
(cm) 
Mean Max 
Dimension 
(cm) 
L01 32.61 8/72 (11.1%) 5.14 1 3.79 6.26 
R01 2.36 18/34 (52.9%) 5.18 1.49 5.66 6.85 
L02 14.09 17/42 (40.5%) 4.41 0.79 3.94 5.26 
R02 8 9/18 (50%) 5.74 1.21 4.17 6.06 
L03 16.02 19/41 (46.3%) 4.85 1.27 4.17 6.03 
R03 9.62 18/41 (43.9%) 3.93 1.07 3.63 5.04 
Mean data recorded from each individual 
 Each individual’s data was then separated into left-handed individuals and right-handed 
individuals and averaged. This was to see if there were any observable trends within the data. 
Although the sample size is too small to statistically test for significance certain trends are 
observable in the data. 
Table 3 
Dominant 
Hand 
Initial 
Flake Time 
(seconds) 
% 
Usable 
Mean 
Breadth 
(cm) 
Mean 
Thickness 
(cm) 
Mean 
Length 
(cm) 
Mean Max 
Dimension 
(cm) 
L 20.91 32.6 4.8 1.02 3.97 5.85 
R 6.66 48.9 4.95 1.26 4.49 5.98 
Mean data recorded for right-handed vs. left-handed individuals 
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 The most apparent disparity between left- and right-handed individuals is the initial flake 
time. It took left-handed participants, on average, 20.91 seconds to produce any flakes off the 
core. Right-handed individuals, meanwhile, only averaged 6.66 seconds to perform the same 
task. Observing the amount of time taken to produce a usable flake gives us an understanding of 
toolmaking efficiency. Faster toolmakers could be more efficient because they could, potentially, 
make effective flakes faster and would experience less of a learning curve. Right-handed 
individuals have a much faster initial flake time than left-handed individuals, suggesting less 
time needed to learn the physical motion, and the ability to create more flakes. Testing initial 
flake times between right- and left-handed individuals with a larger sample could provide useful 
insights as to differences in efficiency in toolmaking, and whether or not that played a factor in 
preferential right-handedness. Although the large disparity in initial flake time seen in this pilot 
study could be due to chance, it warrants further review.  
 Percent usable flakes also shows some difference between left-handed and right-handed 
individuals. It is important to note, however, that the left-handed group had an outlier. 
L01produced an unusually large number of flakes, but, as referenced in Table 2, only 11.1% 
were usable. This caused a skew in the overall means. When looking at raw percentages among 
participants right-handed individuals still, overall, had higher percent usable flakes, although the 
difference is not as severe if L01’s data is set aside. This warrants further testing with larger 
sample sizes.  
 It would also be worthwhile to test if faster flakers made more usable flakes, and if that 
differs by hand preference. By testing a large group of solely right-handed flakers, and a separate 
group of left-handed flakers, on flake efficiency and percent usable flakes a better understanding 
of the importance of flake efficiency may be better understood. 
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Conclusion and Recommendations 
	
 I reiterate that these results should be considered a pilot study, and further studies should 
be conducted with a variety of variations on participants, methodology, and researchers. There is 
clear evidence presented through these results of right-handed individuals being more efficient in 
initial flaking than left-handed toolmakers. The large disparity between times for initial flaking 
between the two groups, and the similar times within those groups, shows that this is most likely 
not due to other external factors.  
 To further look into the question of handedness and toolmaking efficiency more 
experiments should be conducted using more participants coming from a higher variety of 
backgrounds. Although the six individuals utilized in this study varied in chosen discipline and 
extracurricular activities, all are still relatively within the same age group, all attend the same 
university, and generally had somewhat similar upbringings. It would be useful to conduct 
similar trials with a much greater sample size that spans over socioeconomic and geographical 
groups.  
 It could also be insightful to recreate this study using experienced toolmakers. Only 
individuals who had never before made Oldowan stone tools were recruited for this study, as 
focusing on beginner knowledge was a key aspect of my thesis. However, it would be interesting 
to see if this disparity in efficiency may carry into experienced toolmakers. If toolmaking 
efficiency had such a strong evolutionary advantage, affecting preferential right-handedness, it 
might carry on through experienced toolmakers as well as being evident in novices. A 
longitudinal study focusing on novice toolmakers as they learn how to flintknap could also yield 
interesting insights. 
	33	
 Something noted when analyzing the individual flakes created by participants is, as a 
right-handed researcher, I felt much more comfortable holding the tools made by right-handed 
participants. I began holding left-handed participant’s flakes with my left hand, and found that 
they were much more comfortable that way and it was easier to identify the sharpest edges that 
would be most useful in cutting. I believe it would be incredibly beneficial to conduct this 
project again with both left- and right-handed researchers. By having both types of individuals 
on the researcher staff there may be a better ability to analyze the flakes created by each 
participant. 
There is a large amount of evidence that suggests left-handed individuals are generally 
more creative or innovative than right-handed individuals (Peterson & Lansky, 1977; Stein, 
1973; Newland, 1981). Although my study did not expressly look at the correlation between left-
handed individuals and creativity within stone toolmaking, extracurricular activities and majors 
were recorded to see if there was an outward indicator of creativity amongst participants. All 
individuals showed a wide variety of interests, and both left and right-handed individuals 
displayed creative endeavors (see Table 1). One suggestion for future testing would be to test 
participants on designing a stone tool or weapon before attempting crafting one – this could test 
both innovation and creativity amongst preferential handedness groups. 
Overall, this study provides a foundation for multiple future inquiries. Although only 
trends can be identified here, as mentioned previously, there is enough support to conclude that 
left-handed and right-handed individuals have differences in regard to the earliest form of stone 
toolmaking. There may be an evolutionary link between toolmaking efficiency and global 
preferential right-handedness, but to adequately test this hypothesis would require more 
evidence. 
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Appendix A 
 
Consent to Participate in Research 
Identification of Investigators & Purpose of Study   
You are being asked to participate in a research study conducted by Jessica Dymon from James 
Madison University.  The purpose of this study is to understand preferential handedness in the 
context of human evolution.  This study will contribute to the researcher’s completion of her 
honors thesis. 
 
Research Procedures 
Should you decide to participate in this research study, you will be asked to sign this consent 
form once all your questions have been answered to your satisfaction.  This study consists of a 
survey that will be administered to individual participants in Johnston Hall.  You will be asked to 
provide answers to a series of questions related to factors affecting toolmaking performance. You 
will also be asked to participate in a stone toolmaking simulation to be completed at the time of 
the survey. This simulation will consist of hitting two rocks against each other in order to 
produce flakes.   
 
Time Required 
Participation in this study will require 45 minutes of your time.   
 
Risks  
The investigator perceives the following are possible risks arising from your involvement with 
this study: stone toolmaking produces sharp edges when broken that could potentially cut the 
skin. In order to minimize these risks, all participants will be asked to wear jeans and closed toed 
shoes, as well as protective eyewear and gloves. The researcher will provide eyewear and gloves. 
 
Benefits 
Potential benefits from participation in this study include the opportunity to engage in a long-
standing scientific discussion and the knowledge of how to create stone tools for possible future 
use. Information gathered from this study can help us determine whether or not preferential 
handedness is a result of efficient and effective toolmaking.   
 
Confidentiality  
The results of this research will be presented at the honors research symposium and the 
anthropology department research symposium. The results of this project will be coded in such a 
way that the respondent’s identity will not be attached to the final form of this study.  The 
researcher retains the right to use and publish non-identifiable data.  While individual responses 
are confidential, aggregate data will be presented representing averages or generalizations about 
the responses as a whole.  All data will be stored in a secure location accessible only to the 
researcher.  Upon completion of the study, all information that matches up individual 
respondents with their answers will be destroyed. 
 
Participation & Withdrawal  
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Your participation is entirely voluntary.  You are free to choose not to participate.  Should you 
choose to participate, you can withdraw at any time without consequences of any kind. 
 
Questions about the Study 
If you have questions or concerns during the time of your participation in this study, or after its 
completion or you would like to receive a copy of the final aggregate results of this study, please 
contact: 
 
Jessica Dymon    Advisor: Dr. Leslie Harlacker 
Anthropology Department   Anthropology Department 
James Madison University   James Madison University 
dymonjl@dukes.jmu.edu    Telephone:  (540) 568-6974 
harlacla@jmu.edu 
 
Questions about Your Rights as a Research Subject 
Dr. David Cockley  
Chair, Institutional Review Board 
James Madison University 
(540) 568-2834 
cocklede@jmu.edu 
 
Giving of Consent 
I have read this consent form and I understand what is being requested of me as a participant in 
this study.  I freely consent to participate.  I have been given satisfactory answers to my 
questions.  The investigator provided me with a copy of this form.  I certify that I am at least 18 
years of age. 
______________________________________     
Name of Participant (Printed) 
 
______________________________________    ______________ 
Name of Participant (Signed)                                   Date 
______________________________________    ______________ 
Name of Researcher (Signed)                                   Date 
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Research survey for participants. 
 
For Researcher: ID #_______________ 
 
Please honestly answer all questions below. 
 
1. Age: ____________ 
 
 
2. Major, minor: 
________________________________________________________________________ 
 
 
3. Do you have any hobbies or extracurriculars that you partake in at least weekly? If so, 
please list them. 
 
 
 
 
 
4. Average amount of hours you spend exercising in a week: ________________ 
a. What type of exercise do you participate in? 
 
 
 
 
5. Have you ever had a substantial injury that impacted your upper limbs? 
 
 
 
 
6. Please circle one: are you… 
a. Left handed 
b. Right handed 
c. Ambidextrous (have proficient use of both hands in daily tasks) 
i. If you are ambidextrous, which hand do you prefer to write with? 
________________ 
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Email to participants. 
 
Hello students! 
 
Have you ever wanted to try making stone tools? Want to help further knowledge in the 
anthropological community? I am currently seeking volunteers to participate in a study involving 
stone toolmaking! Participants will be required to fill out a short survey before making the simplest 
stone tools (Oldowan technology). All beginners will wear long pants and closed toed shoes, and 
be provided with gloves and protective eyewear. 
 
If you have more than beginner level experience with Oldowan toolmaking you are unfortunately 
not eligible to participate in this study. The purpose of this study is to determine the effect of 
handedness on Oldowan tool efficiency and effectiveness; therefore only beginner toolmakers 
qualify for participation. Participation will take no more than 45 minutes of your time. 
 
If you are interested in taking part in this study please contact me at dymonjl@dukes.jmu.edu or by 
phone at 804-822-2533. 
 
Thank you very much! 
Jessica Dymon 
	38	
Flyer advertising study.	
	
Are	You	Interested	in	Making	Stone	Tools?	
Volunteer	for	this	stone	toolmaking	simulation!	
	
• Volunteers	are	currently	being	sought	out	to	participate	in	a	study	
focused	on	the	effect	of	handedness	on	Oldowan	tool	efficiency	and	
effectiveness.	
	
• Never	made	stone	tools	before?	Perfect!	This	study	will	only	be	using	
novice	stone	toolmakers!	
	
• Participants	will	be	asked	to	create	stone	tools	via	flint-knapping,	a	
method	of	toolmaking	in	which	two	stones	are	hit	against	each	other	to	
produce	sharp	flakes.	You	will	be	taught	how	to	do	this	and	will	be	
provided	with	protective	eyewear	and	gloves!	
	
• Interested?	To	find	out	more	please	email	Jessica	Dymon	at	
dymonjl@dukes.jmu.edu		
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Appendix B 
R01 
Flake Usable Breadth Thickness Length 
Max 
Dimension 
N/only - Tertiary, 
Secondary, or Chunk? 
1 y 6.5cm 1.6cm 5.9cm 7.8cm  
2 y 4cm 1.6cm 8.5cm 9.2cm  
3 y 7cm 1.1cm 5.9cm 7cm  
4 y 6.8cm 1.6cm 6.3cm 7.8cm  
5 y 3.6cm 1.5cm 4.9cm 5.6cm  
6 y 5.4cm 1.3cm 6cm 7.1cm  
7 y 9.4cm 3cm 6.3cm 10.1cm  
8 n     Chunk 
9 y 7.3cm 1.4cm 4.5cm 7.8cm  
10 y 3.4cm 2.1cm 7.7cm 7.8cm  
11 y 4.1cm 1.1cm 4.2cm 5.3cm  
12 y 3.8cm 1.6cm 5cm 5.2cm  
13 y 6.6cm 1.6cm 4.6cm 6.7cm  
14 y 3.9cm 1.2cm 5.4cm 5.4cm  
15 n     TF 
16 y 4.8cm 1.4cm 6.1cm 6.5cm  
17 n     TF 
18 n     TF 
19 y 5.5cm 1.2cm 8.9cm 9cm  
20 y 4.4cm 0.7cm 3.6cm 4.7cm  
21 n     Chunk 
22 n     TF 
23 n     TF 
24 n     TF 
25 n     TF 
26 n     TF 
27 n     TF 
28 n     TF 
29 n     TF 
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30 n     SF 
31 n     SF 
32 y 2.6cm 1.8cm 5.1cm 5.5cm  
33 n     TF 
34 y 4.2cm 1.1cm 2.9cm 4.7cm  
Average 18/34 5.18 1.49 5.66 6.84 TF 
 
R02 
Flake Usable Breadth Thickness Length 
Max 
Dimension 
N/only - Tertiary, 
Secondary, or Chunk? 
1 y 6.9cm 1.5cm 5.3cm 6.9cm  
2 y 6.7cm 1.1cm 3.9cm 6.8cm  
3 n     TF 
4 y 8.1cm 1.4cm 6.1cm 8.4cm  
5 y 5.5cm 1.3cm 5cm 5.7cm  
6 y 5.6cm 1.6cm 3.1cm 5.7cm  
7 n     TF 
8 y 5.5cm 0.9cm 5cm 6.1cm  
9 y 4.4cm 1.3cm 3.2cm 5.7cm  
10 n     TF 
11 n     TF 
12 n     TF 
13 n     TF 
14 y 5.2cm 1.2cm 4.2cm 5.4cm  
15 n     TF 
16 n     TF 
17 n     TF 
18 y 3.8cm 0.6cm 1.7cm 3.8cm  
Average 9/18 5.74 1.21 4.17 6.06 TF 
 
 
 
 
	41	
R03 
Flake Usable Breadth Thickness Length 
Max 
Dimension 
N/only - Tertiary, 
Secondary, or Chunk? 
1 y 6.9cm 1.8cm 4.3cm 7.6cm  
2 y 7.3cm 1.3cm 4.6cm 7.5cm  
3 y 5.6cm 1.3cm 5.3cm 6.2cm  
4 n     SF 
5 y 4cm 1.3cm 5cm 5.2cm  
6 n     TF 
7 y 3.4cm 0.6cm 2.3cm 4.3cm  
8 n     SF 
9 y 4.9cm 1.1cm 4.2cm 5.3cm  
10 n     TF 
11 y 3cm 0.6cm 2.7cm 3.6cm  
12 n     TF 
13 y 4.8cm 2.7cm 4.3cm 5.3cm  
14 y 2.3cm 0.7cm 2.8cm 3.8cm  
15 y 3.3cm 0.8cm 3.8cm 4.1cm  
16 y 2.1cm 0.6cm 3.8cm 3.9cm  
17 n     TF 
18 n     TF 
19 n     SF 
20 y 3.6cm 1.1cm 3.1cm 4.9cm  
21 y 2.1cm 0.6cm 2.2cm 3.2cm  
22 n     TF 
23 n     TF 
24 y 2.3cm 1cm 5.4cm 5.8cm  
25 y 3.9cm 1.3cm 4cm 4.5cm  
26 n     Chunk 
27 y 3.8cm 0.8cm 2.6cm 4.9cm  
28 n     TF 
29 n     SF 
30 n     TF 
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31 y 5.1cm 1.2cm 2.9cm 7.9cm  
32 n     TF 
33 n     TF 
34 y 2.3cm 0.5cm 2cm 2.7cm  
35 n     TF 
36 n     TF 
37 n     TF 
38 n     TF 
39 n     TF 
40 n     SF 
41 n     TF 
Average 18/41 3.93 1.07 3.63 5.04 TF 
 
L01 
Flake Usable Breadth Thickness Length 
Max 
Dimension 
N/only - Tertiary, 
Secondary, or Chunk? 
1 n     Chunk 
2 n     Chunk 
3 y 6.1cm 1cm 4.1cm 9.4cm  
4 y 4.5cm 1.5cm 4.4cm 5.3cm  
5 y 6.6cm 1.1cm 4.5cm 7.1cm  
6 y 4.5cm 1cm 3.4cm 5.5cm  
7 n     SF 
8 n     SF 
9 n     TF 
10 n     TF 
11 n     TF 
12 y 2.8cm 0.6cm 2.8cm 3.2cm  
13 n     TF 
14 n     TF 
15 n     TF 
16 n     TF 
17 n     SF 
18 n     TF 
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19 n     TF 
20 n     TF 
21 n     TF 
22 n     TF 
23 n     TF 
24 n     TF 
25 n     TF 
26 n     TF 
27 n     TF 
28 n     TF 
29 n     TF 
30 n     TF 
31 n     TF 
32 n     TF 
33 n     TF 
34 n     TF 
35 n     TF 
36 n     TF 
37 n     TF 
38 n     TF 
39 n     TF 
40 n     TF 
41 n     TF 
42 n     TF 
43 n     TF 
44 n     TF 
45 n     TF 
46 n     TF 
47 n     TF 
48 n     TF 
49 n     TF 
50 n     TF 
51 n     TF 
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52 n     TF 
53 n     TF 
54 n     TF 
55 n     SF 
56 n     Chunk 
57 y 4.6cm 1.1cm 2.8cm 5cm  
58 n     Chunk 
59 y 7.2cm 1.1cm 5.2cm 8.6cm  
60 n     SF 
61 n     SF 
62 n     Chunk 
63 n     SF 
64 y 4.8cm 0.6cm 3.1cm 6cm  
65 n     Chunk 
66 n     Chunk/SF 
67 n     Chunk/SF 
68 n     Chunk/SF 
69 n     Chunk/SF 
70 n     Chunk/SF 
71 n     Chunk/SF 
72 n     Chunk/SF 
Average 8/72 5.14 1 3.79 6.26 TF 
 
L02 
Flake Usable Breadth Thickness Length 
Max 
Dimension 
N/only - Tertiary, 
Secondary, or Chunk? 
1 y 4.1cm 1.2cm 5.4cm 5.9cm  
2 y 5.7cm 1.1cm 5.2cm 7cm  
3 y 6.2cm 1cm 5.3cm 6.3cm  
4 y 4.8cm 1cm 3.8cm 5.6cm  
5 y 8.3cm 1.3cm 5.5cm 8.3cm  
6 y 5.2cm 1.2cm 5.4cm 9.1cm  
7 y 4.8cm 1cm 4.9cm 6.2cm  
8 y 4.8cm 1cm 4.5cm 6.2cm  
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9 n     TF 
10 n     TF 
11 y 4.3cm 0.4cm 2.6cm 4.2cm  
12 n     TF 
13 y 3.2cm 0.3cm 5.8cm 5.8cm  
14 y 2.5cm 0.3cm 2.7cm 2.7cm  
15 n     SF 
16 n     Chunk 
17 y 2.6cm 0.7cm 2.2cm 3.5cm  
18 n     TF 
19 n     TF 
20 n     TF 
21 n     TF 
22 n     TF 
23 y 5.3cm 0.6cm 4cm 5.3cm  
24 y 3.1cm 0.6cm 2.6cm 3.1cm  
25 n     TF 
26 n     TF 
27 n     TF 
28 n     TF 
29 n     TF 
30 n     TF 
31 y 3cm 0.6cm 2.3cm 3.1cm  
32 n     TF 
33 y 3.5cm 0.4cm 2.5cm 3.6cm  
34 n     Chunk 
35 n     TF 
36 n     TF 
37 n     TF 
38 y 3.5cm 0.8cm 2.3cm 3.6cm  
39 n     TF 
40 n     TF 
41 n     TF 
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42 n     Chunk 
Average 17/42 4.41 0.79 3.94 5.26 TF 
 
L03 
Flake Usable Breadth Thickness Length 
Max 
Dimension 
N/only - Tertiary, 
Secondary, or Chunk? 
1 y 9.7 2.1 9.7 12.2  
2 n     Chunk/SF 
3 7 7 1.7 5.2 9.5  
4 n     SF 
5 n     Chunk 
6 y 7.1 1.5 4.5 9.3  
7 y 5.1 1.1 6 6.4  
8 y 4 1.4 5.4 5.4  
9 n     Chunk 
10 y 6.5 2 5 7  
11 n     SF 
12 n     SF 
13 y 5.7 1.3 4.2 6.5  
14 y 5.4 0.7 5 6  
15 n     Chunk 
16 n     Chunk/SF 
17 y 6 2.6 4.1 6.7  
18 n     SF 
19 n     Chunk 
20 y 4.7 1.4 2.5 6.2  
21 y 5 1.1 4.7 6.3  
22 n     SF 
23 n     SF 
24 n     TF 
25 n     TF 
26 y 3.7 0.8 3.3 3.7  
27 n     TF 
28 y 2.6 1.1 2 3.6  
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29 y 2 0.5 4.2 4.2  
30 y 4 1.1 3.4 5.3  
31 n     TF 
32 n     TF 
33 y 2.6 0.5 3.3 4.4  
34 n     TF 
35 n     TF 
36 n     Chunk 
37 y 2.5 1.1 2.5 3.2  
38 n     TF 
39 y 3.7 1.3 2.2 3.7  
40 n     TF/Chunk 
41 y 4.9 0.8 2.1 5  
Average 19/41 4.85 1.27 4.17 6.03 TF and Chunk 
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